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Amount of monolayer and multilayer water, sorption surface area, and 
remaining Ca-ATPase activity at the inflection points of the desorption 
isotherm of lizardfish myofibrillar protein (MD at 20 ~C . Squid protein 
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analysis, multilayer water estimated by Bull's analysis, and sorption 
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Changes in the rate constant (KD) for inactivation of Ca-ATPase of 
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of low-cost squid in the food processing and preservation. Thus, it is pertinent to carry 
out investigations on the preparation of fUnctional food from squid for the purpose of 
food preservation and value added product development. Chapter 2 deals with the 
preparatory protocol of proteolyiic squid protein hydrolysate and characterization of 
their chemical and molecular properties. 
Cryostabilization of protein molecular structure 
Myofibrillar protein of fishery products consisted of mainly myosin, which varied 
considerably in respect of stability among different species. Connell (1961) reported 
that fish myosin is less stable than those of beef, rabbit, and chicken, demonstrating that 
myosin stability depends on the structural conformation of the functional myosin 
molecules of each individuals and on their living environment. Stability of myofibrillar 
protein governs by temperature dependence tolerance; one is the thermal stability at 
temperatures above the freezing point of protein, and the other is the stability during 
freezing, which determines the shelf-life of protein. To retard the spoilage mechanism of 
protein of fish and fishery products, dehydration and freezing are widely used. 
Nevertheless, the mechanisms behind the processes are inevitably associated with some 
deterioration particularly in terms of water retention and protein solubility (Migita et al. , 
1956; Suzuki, 1971; Yoshikawa et al., 1995), since water is closely associated with the 
maintenance of protein structure and functionality (Kauzman, 1 959; Nemethy and 
Scheraga, 1 962). The folding and the structural stability of protein during dehydration 
and freezing are extensively controlled by the addition of a variety of anti-denaturants, 
such as sugar, amino acids, organic acids, and phosphate (Hanafusa, 1 973; Akiba, 1 973; 
Matsuda, 1973; Nozaki et al., 1991, 1993; Park and Lanier, 1987; Park et al., 1987; 
Miyake, 1 982) . The effects of additives on protein stability are interpreted largely in 
terms of the preferential interactions of the additives with aqueous interfaces and with 
protein sufaces. Additives those increase the stability ofthe folded state of proteins, i.e., 
protein stabilizers are excluded from the protein suface, and therefore increase the 
suface tension of water in that their concentration near the protein is lower than that in 
the bulk solvent. Chapter 3 deals with the stabilization of lizardfish myofibrillar protein 
by added concentrations of SPH during dehydration process. The parameters, such as 
water sorption isotherm and the mode of Ca-ATPase activity are considered to assess 
the structural stability of proteins. 
3 
Analyses of the state of water in protein 
Based on the affinity, the water molecules in proteins are classified into two different 
categories, such as bound water, and free water. Bound water is classified in three fonns, 
such as biological, colloidal and molecular theoretical bound water, according to the 
scientific standpoints of biology and physiology, colloidal chemistry and molecular 
theory. Generally, biological bound water means the minimum amount of water-content 
in living matters necessary to maintain their lives; colloidal bound water is interpreted 
as water which necessary to maintain the stable colloidal systems; molecular theoretical 
bound water considered the water-content needs to maintain the stable consttuction in 
protein molecules, which is a main component in fish muscle (Akiba, 1 961). Kuprianoff 
(1958) discussed on bound water in food and suggested that generally there is no free 
water in foods, the water present is always bound in someway to one or other of its 
components. According to his opinion, only surface water of foods which comes from 
outside by water condensation or washing could be considered as true free water so long 
as it not mixed or reacted in anyway with the surface components. However, the form of 
bound water in foodstuffs can also be classified into two different categories, such as 
monolayer sorbed water and multilayer sorbed water. In this state, the water molecules 
are bound to each other by hydrogen bonding and difeilcult to remove and extension of 
area of this state causing declining of water activity, retarding chemical reactions that 
proceeded during long term storage of foodstuffs. Consequently, the capillary water in a 
foodstuff has a nature similar to ordinary free water because of showing more or less 
same mobility. The water molecules in this state are liable to accelerate the microbial 
growth in atmospheric temperature and deteriorate chemical and enzymatic function in 
food components in particular, and therefore caused tissue damage. This form of water 
can easily be vaporized by atmospheric pressure. However, the form of water in food 
except surface water is a complex matter, which depends on many different factors and 
conception on the amount of bound water in solid food components depends on the 
method used for determination. Chapter 3 deals with the elucidation of the effect of 
squid protein hydrolysate dominated with hydrophilic peptides on the state of water by 
means of monolayer- and multilayer-sorbed water from the desorption isotherm during 
silica-gel-based dehydration. Simultaneously, in chapter 3 and 4 the state of water in 
myofibrillar protein demonstrated as bound- and partially-bound water determined by 
the method of Wakamatu and Sato (1979) by differential scanning calorimetry (DSC, 
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model SSC- 5200, Seiko Electronic Industry Inc., Japan during dehydration and frozen 
storage . 
Basic function of hydrophilic and hydrophobic molecules on protein stabilization 
Water molecules cluster around ions and other polar molecules because of their polar 
nature. The polar molecules that can thereby be accommodate in water' s hydrogen-
bonded structures are called hydrophilic and relatively water-soluble. On the contrary, 
the non-polar molecules interrupt the H-bonded structure of water without forming 
favorable interactions with water molecules, and they are therefore hydrophobic and 
quite insoluble in water (Alberts et al., 1 994). Nearly, all proteins contain a relatively 
high proportion of amino acids with non-polar side chains, such as the isopropyl of 
valine, the secondary and iso-butyl groups of the leucines and the benzyl of 
phenylalanine. The non-polar amino acids representing around 35Jt5o/o of the total 
amino acids in the great maj ority of proteins, and that such proteins show low affinity to 
water (Kauzman, 1 959) . It has been reported that introduction of hydrophobic side chain 
into a host-system inhibits cryoprotective effects. Similarly, Niwa et al. ( 1 986) reported 
that the hydrophobic amino residues are exposed on myosin molecules during freezing, 
which accelerate the denaturation of white muscle fishes, and added concentrations of 
hydrophilic molecules suppress the intensity of deterioration. Such kind of suppressive 
actions of the hydrophilic molecules are governed due to their polarity and large water-
constraining denaturation-inhibiting capacity (Kama et al., 1 972; Nozaki et al., 1 99 1 ; 
Voet and Voet, 1 995). Castonuovo et al. (2002) contributed to this area of research and 
stated that hydrophilic structure-makers promote structuring of solvent conducive to 
increase solute-solvent hydrogen bonding, and hydrophilic structure-breakers act as 
denaturing agents of proteins. Gekko & Satake ( 1 981) and Gekko (1982) reported that 
proteins are preferentially hydrates by solutes through a delicate balance between the 
repulsion from non-polar regions and attraction from polar-regions, suppressing its 
denaturation. Based on the hydrophilic nature of peptides, the present study aimed to 
carry out investigations to elucidate the cryoprotective function of SPH on the stability 
of lizardfish myofibrillar protein. 
e 
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Deteriorative changes in dehydrated and frozen stored proteins 
The structures of protein molecules extend to three dimensions are particularly 
important for macromolecules due to its high flexiblity, in which many bonds can rotate 
and can make many confonnations of protein. Dehydration leads to extensive alterations 
of protein structure and the changes involve in both the systems are caused by the 
destruction of hydrogen bonds or hydrophobic bonds, and disturbance of the 
intramolecular hydrogen bonds, which responsible for the destruction of protein 
morphology (Hanafusa, 1 973; Kuntz, 1 974). The stabilization mechanism of protein 
structure and many of their reactions are maintained to a large extent by covalent 
disulfide bonds, and by the non-covalent interactions of the side-chain groups, such as 
hydrogen bonds, electrostatic interactions, hydrophobic bonds between non-polar 
residues, and hydration of polar residues (Kauzman, 1 959; Nemethy and Scheraga, 
1 962). Dehydration manifested by a decrease in water retention, solubility and 
worsening of the textural quality. Freeze-induced denaturation of fish proteins has been 
investigated by many scientists, including Hossain et al. (2003); Kban et al. (2003); 
Nozaki et al. (1986); Zhang et al. (2002); Yamashita et al. (2003); Noguchi and 
Matsumoto (1970, 71, 75); Niwa et al. (1986); Park et al. (1988); Inoue et al. (1996). 
Among the factors involved in freeze-induced denaturation of proteins, hydrophobic 
interactions proceeded by the formation of ice-crystals and the destruction of hydrate 
layers surrounding polar residues are considered as crucial (Hanafilsa, 1 973; Nemethy 
& Scheraga, 1 962). Ice crystallization also disrupts the water-mediated hydrophobic-
hydrophilic interactions, which participate in buttressing the native conformation of 
protein molecules (Lewin, 1 974). Other covalent bonds, which could contribute to 
protein aggregation, are the disulfide bridges. Although significant changes in the 
number of -SH groups in fish proteins due to freezing and prolonged frozen storage 
have not been reported, some cross-linking could take place without net change in the 
total -SH groups (Buttkus, 1 970) . The deteriorative protein changes in frozen fish are 
caused by several other factors such as the composition of the fish flesh, processing 
parameters and storage conditions. Removing the water-soluble components, protecting 
against oxidation, and addition of suitable stabilizers are of effective measures in 
suppressing freeze-induced denaturation. In the present study, we attempted to elucidate 
the inhibitory action of peptides of protein hydrolysate as natural suppressors against 
6 
deteriorative changes in dehydrated and frozen stored lizardfish myofibrillar protein by 
means of determining Mf Ca-ATPase activity as a denaturation-measuring index. 
Cryostabilization of protein in surimi 
Surimi is the mechanically deboned water-washed fish flesh with cryoprotectants 
being used as an intermediate foodstuff with long shelf-life and potentiality for the 
preparation of a variety of textured products in food processing industries. The prime 
concern in surimi manufacturing is to maintain functionality of myofibrillar protein, 
which is preferentially, influenced the gel-forming property of fish protein. Myosin is 
the maj or protein contributing to thermally induced gelation of myofibrillar protein 
(Samejima et al., 1 969; Iwata et al., 1 977), and the reactions comprise protein unfolding, 
aggregation, and non-covalent formation of gel network (Niwa et al., 1 981 ; Lanier et al., 
1 982). Frozen storage, however, is widely used in surimi industries for processing and 
long-term preservation, but the bio-chemical changes proceeded in the frozen storage is 
considered to be associated with the reduction of the gel-forming ability of surimi 
(Tanaka et al., 1 962; Noguchi et al., 1 975) that reduction is attributable to the 
denaturation of myofibrillar protein (Dyer, 1 951; Noguchi & Matsumoto, 1 970; 
Matsumoto, 1 979; Matsumoto & Noguchi, 1 992). The cryostabilization of fish muscle 
proteins of surimi is generally affected by two elements such as physicochemical and 
chemical factors. The physicochemical factors considered the effect of leaching, 
temperature tolerance of the myofibrillar protein, pH, and freezing and thawing 
conditions employed. The chemical factor includes the addition of cryoprotective 
substances. In selecting the most suitable additive compounds and determining their 
optimum concentration, several pioneering studies were conducted by Noguchi and 
Matsumoto (1970, 71, 75); Nishiya et al. (1961); Arai et al. (1970); Kawashima et al. 
(1976); Park (1994); Kongpun (1996); Kongpun & Suwannarak (1996). These studies 
were conducted in vitro, whereby a portion of fish mince was mixed with the test 
compounds, stored frozen, thawed the sample and evaluated its effect. Among the 
chemical components tested so far, several highly effective cryoprotectants were 
identified, besides those commonly used in commercial industries in surimi 
manufacturing. Chapter 5 deals with the elucidation of cryoprotective effect of squid 
protein hydrolysate on the retardation of the freeze-induced denaturation and gel-
forming ability,of lizardfish surinri at -25 'C. 
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Thus, based on the above reports, we prepared squid protein hydrolysate and 
critically evaluated their effects from the viewpoint of food chemistry and the specific 
objectives designed in this study are presented below: 
Ob jectives: 
D Preparation and chemical characterization of squid protein hydrolysate from 4 
squid species, such as Japanese flying squid, swordtip squid, bigfin reef squid, 
and golden cuttlefish by protease treaiment [chapter 2] . 
o Characterization of the squid protein hydrolysate determining molecular 
weight of their components by gel filtration chromatography on Sephadex G-
25 column, and determination of amino acid compositions by high 
performance liquid chrdmatography [chapter 2]. 
o Elucidation of the stabilization function of squid protein hydrolysate on the 
lizardfish myofibrillar protein by means of desorption isotherm, and unfrozen 
water by differential scaming calorimety during dehydration [chapter 3] . 
D Elucidation of the inhibitory function of squid protein hydrolysate on the state 
of water and freeze-induced denaturation of lizardfish myofibrillar protein by 
means of Ca-ATPase activity and unfrozen water [chapter 4] . 
o Investigation on the effect of squid protein hydrolysate on the retardation of 
freeze-induced denaturation, state of water, and gel-fonning ability of 
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Swordtip squid (L. edulis) Japanese flying squid (T. paclficus) 
c 
Golden cuttlefish (S. esculenta) Bigfin reef squid (S, Iessonania) 
Fig. 1. Squid species used for the preparation of protein hydrolysate (SPH). 
ll 
Squid (whole body: chopping and grinding) 
add 2 volumes of distilled water 
heat at 90 'C for 30 min 
homogenize 
Mixture 
adjust to pH 8.0 with O. I N NaOH 
react with endo-protease (0.20/0 of sample weight) 
hydrolyze at 60 'C for 2 h 
heat at 90 'C for 30 min 
Mixtu re 
adjust to pH 6.0 with malic acid 
react with exo-protease (0.2'/o of sample weight) 
hydrolyze at 60 'C for 2 h 
heat at 90 'C for 30 min 
Mixtu re 
CP centrifuge at 3,800g for 15 min 
Filtrate 
~ filter through fibre net 
Filtrate 
heat at 80 'C for 10 min 
remove fat of upper layer 
filter with Millipore Minitan Ultrafiltration System 
Filtrate 
desalting with Micro Acilyzer G3 type 
spray drying with model GA 32 
Squid protein hydrolysate (SPH) powder 

















































































































































Table 1. Chemical cornposition of squid nraterials 
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Table 2. Chemical composition of squid protein hydrolysate 

















































NaCl <0.01 <0.01 <0.01 <0.01 
Standard deviation. 
16 
Table 3. Amino acid composition of squid protein hydrolysate 
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method involves applying the hydrolysate solution to the column packed with a gel 
through which peptides must pass as they are eluted. Large peptides pass through more 
quickly than smaller peptides and hence separation is achieved by molecular weight 
differences. The peptides can be detected as they elute and materials of known 
molecular weight used to calibrate the system. We applied the gel-filtration 
chromatography Sephadex G-25 column in order to detect the peptide size of the SPH 
comparing with 6 different standard materials. We determined the average molecular 
weight of the hydrolysate from the large sharp peak. Maintaining substrate protease 
ratio and selection of appropriate membranes are generally used to control molecular 
weight size of peptides fragments within limits. These sections of the protocol are of 
particular importance since it appears that the functional properties of a protein or its 
hydrolysates are governed by its molecular size (Adler-Nissen, 1 986). Because 
molecular structure of peptide influences the hydration of protein molecules, and it had 
evidently elucidated elsewhere that comparatively small molecules exhibits superior 
cryoprotective function. Considering such molecular action, we prescribed a substrate 
protease ratio (0.20/0, w/w) in preparing squid protein hydrolysate based on the 
molecular weight distribution pattem and yields of the SPH. 
Amino acid composition of peptides of protein hydrolysate is of important functional 
attribute that consists a characteristic component leading to protein stabilization, 
flavouring effect, and nutrition. Several workers have provided evidence that protein 
hydrolysates dominated with hydrophilic peptides stabilized the protein molecular 
structure (Dhannanto et al., 1 997; Zhang et al., 2002). Meanwhile, we also reported 
similar effect of protein hydrolysates ftom squid and fish wastes in case of fish 
myofibrillar protein stabilization and textural quality improvement of Kamaboko from 
lizardfish surimi (Hossain et al., 2003; Khan et al., 2003). Protein hydrolysates with 
short chain peptides ofien show a bitter flavour (Belitz et al., 1 979). This is thought to 
be due to the exposure of the hydrophobic anrino acids, since the molecular weight of 
peptides such that they cannot hide the resides hom the aqueous environment. Bitter 
peptides had demonstrated in protein hydrolysate produced from several enzymes 
(Hevia and Olcott, 1 977). Lalasidis et al. (1978) reported that bitterness of protein 
hydrolysate from alcalase could be reduced with pancreatin treatment. However, 
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Crush meat (lizardfish ) 
wash 3 times with 5 volumes of 
O. IM KCL, 20 mM Tris-maleate buffer (pH 7.0) 
homogenize with 3 volumes of the buffer 
filter through a nylon net no. 16 
Filtrate 
adjust to l'/, concentration of Triton X- I OO 
keep stand at 5'C for 30 min 
centrifuge at 1,400 g for 10 min 
Precipitate 
wash with 5 volumes of O. IM KCl, 20 mMTris-
maleate buffer (pH 7.0) 
centrifirge at 1,400 g for 10 min 
Precipitate 
wash wih the buffer until supernatant to be clear 
Precipitate 
wash with 5 volumes of cold distilled water 
centrifuge at 3,800 g for 10 min 
Precipitate 
centrifuge at 27,000 g for 20 min 
Precipitate ( Myofibrillar protein) 
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C ontrol ; (A ~ 
Japanese flying squid; (C]~ 
Sodium glutamate; (~ ~ 
Bigfin reef squid; ( A ), 
Swordtip squid; 
Golden cuttlefish. 
Fig. 9. Effect of squid protein hydrolysate and sodium glutamate on the desorption 
isotherms of lizardfish myofibrillar protein at 20 oC during dehydration process. 
Hydrolysate or sodium glutamate at 50/. (dried matter) are added to 100 g of the 




























































































Table 4. Amount of monolayer and multilayer water, sorption surface area, and 
remaining Ca-ATPase activity at the inflection points of the desorption isotherm of 
lizardfish myofibrillar protein (MO at 20 ~C. Squid protein hydrolysate or sodium 
glutamate at 5'/o (dried nratter) are added to 100 g of Mf (wet material). Mf without 
addition considered as control. 
System M1 AW ATPase M2 Aw2 ATPase M2/M:1 S 
Control 7.58 0.148 l .50 13.90 0.560 l .97 1 .83 0.29 
Sodium 9.09 0.149 
glutamate 
7.03 17.10 0.531 35.lO l.88 0.36 
Swordtip 8.28 O. 1 59 
squid 
9.27 l 5 .OO 0.542 21.13 1.81 0.32 
Japanese 8 . 1 9 O. 1 40 
flying 
squid 
13.54 15.84 0.581 27.12 1 93 0.32 
Bigfin 7.58 0.145 
reef squid 
7.74 15.32 0.552 22.62 2.02 0.29 
Golden 7.67 O. 1 64 
cuttlefish 
6.09 14.60 0.530 2 1 .77 1.90 0.30 
'1 Monolayer sorption water (g H201100 g of MD-
'2 Water activity of the Mf at M1 point. 
'3 Remaining relative Ca-ATPase activity (o/*) of the Mf at M1 point. 
'4 Multilayer sorption water (g H201100 g of MO-
'5 Water activity of the Mf at M2 point. 
'6 Remaining relative Ca-ATPase activity ('/o) of the Mf at M2 point. 














































































































































































































































































































































































































































































































y = 315.08x-110.86 




y= 302.87x-136. 13 
r = 0.999, n = 6 
P<0.001 
U.F.W. = 0.449 
Sodium glutamate 
y = 280.18 -n7.99 










Bigfin reef squid 
y = 298.52x-116.49 
r = 0.999, n~ 
P<0.001 
U.F.W.=0.390 
Japanese fiying squid 
y = 280.40x-113.60 




y= 280.40x -107.93 
r - 0.999, n~ 
P<0.001 
U.F.W.=0.385 
O 1 23 4 5 6 7 8 O 1 23 4 5 6 7 8 
Moisture (mg H20/mg dry matter) 
Fig. 13. Relationship between moisture content and transition heat in myofibrillar 
protein with 5'/. concentration (dried weight/wet weight) of squid protein 
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C Na Js ss BS GS 
Additions 
C: Control; Na: Sodium glutamate; JS: Japanese flying squid; 
SS: Swordtip squid; BS: Big fin reef squid; GS: Golden cuttlefish 
Fig. 14. Amount of unfrozen water in lizardfish myofibrillar protein with 
50/0 concentration (dried weight) of squid protein hydrolysate and sodium 
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f(x) = 323.739x-150.74 




f(x) = 290.26x-123.604 












f(x) = 290.263x-119.612 
r = 0.999 
U.F.W= 0.4127 
p<0.001, n=6 
O 1 2 3 4 5 6 
f(x) = 276.837x-114.739 
r = 0.997 
U.F.W= 0.4145 
p<0.001, n=6 
o 1 2 3 4 5 6 
Morsture (g H2 O/g dry matter) 
A , 2.50/0 ' I , 5.00/0 ' IF , 7.50/0; A , 10.00/0 
Fig. 16. Relationship between moisture content and transition heat in lizardfish 
myofibrillar protein with and without various concentrations (2.5-100/0, dried 

































f(x) = 300.283x-112.646 
F 0.998 
U.F.W= 0.3751 
A p<0.001, n=6 
f(x) = 298.518x-1 16.492 














f(x) = 280.612x-96.275 
r = 0.999 
U.F.W= 0.3431 
p<0.001, n=6 
o 1 2 3 4 5 6 7 
f(x) = 292.63lx-1 16.345 
r = 0.998 
U.F.W= 0.3976 
p<0.001, n=6 
O 1 2 3 4 5 6 7 
Moisture (g H20/g dry matter) 
~L , 2.50/0 ' D , 5.00/0 ' 1~ , 7.50/0; A , 100~( 
Fig. 17. Relationship between moisture content and transition heat in lizardfish 
myofibrillar protein with various concentrations (2.5-100/0, dried weight/wet 
































f(x) = 309.776x-120.424 














f(x) = 295.956x-1 12.47 
r = 0.999 
U.F.W= 0.3800 
p<0.001, n=6 
f(x) = 305.339x-124.008 
r = 0.999 
U.F.W= 0.4061 
p<0.001, n=6 
o 1 2 3 4 5 6 7 
f(x) = 289.16lx-1 1 1.393 
r = 0.998 
U.F.W= 0.3852 
p<0.001, n=6 
O 1 2 3 4 5 6 7 
Moisture (g H 
2 
O/g dry matter) 
A , 2.50/0' D , 5.00/0 ' ' 7.50/0 ' A , 10.00/0 
Fig. 18. Relationship between moisture content and transition heat in lizardfish 
myofibrillar protein with various concentrations (2.5-100/0, dried weight/wet 



















































































































































































Control 2.5'/o 5.0'/o 7.5'/o 10.0'/o 
Concentration (dried weightlwet weight) 
Fig.20. Amount of unfrozen water (g H20/g dried matter) in lizardfish myofibrillar 
protein with various concentrations of squid protein hydrolysate and sodium 
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F: free water 
t 
-4 o ~o -20 -10 o 
10 20 
Temperature ' (cc ) 
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Japanese nying squid 
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Golden cuttlefish 
Fig. 24. Changes in the amount of unfrozen water in lizardfish myofibrillar protein 
in the presence of 50/0 concentration (dried weighthvet weight) of sodium glutamate 
































































Swordtip squid Japanese flying squid 
Storage period (days) 
O Control ; A , 25yo, D 50y; ･ 75yo; A , 10.00/0 
Fig. 25. Changes in the amount of unfrozen water in lizardfish myofibrillar protein in the presence of various 
concentrations of sodium glutamate and squid protein hydrolysate during frozen storage at -25 "C. 
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Storage period (days) 
O Control ; A , 25yo, D 50yo; IP, 7.50/0; A 100~( 
Fig. 25. Changes in the amount of unfrozen water in lizardfish myofibrillar protein in the presence of various 

















































































































































































































































































































































































































of hydrophobic amino acid residues of myosin molecules, and intensity of deterioration 
was suppressed by the addition of Na-glu. Similarly, the stabilization effect of the 
peptides of SPH on Mf was supported by the findings of Castonuovo et al. (2002) 
where they reported that hydrophilic structure-makers promote structuring of solvent 
conducive to increase solute-solvent hydrogen bonding, and hydrophilic structure-
breakers act as denaturing agents of proteins. However, the role of the SPH upon 
stabilization mechanism of protein molecular structure and suppression of freeze-
induced denaturation of Mf has not been fully elucidated in the present report, which 
remains to be elucidated in future. 
4.5. Conclusions 
The protective effect of squid protein hydrolysate (SPH) on the state of water and 
denaturation of frozen lizardfish (Saurida wanieso) myofibrillar protein (MD were 
assessed based on amount of unfirozen water in Mf by differential. scaming calorimetry 
and Mf Ca-ATPase inactivation during frozen storage at -25 'C for 1 20 days; the 
effects were compared with those of sodium glutamate. The findings encompassed the 
stabilization property of SPH on protein molecular stucture, which coincided with our 
previous findings, where SPH provided stabilization effect through construction of 
bound water and protection of denaturation of myofibrillar proteins. Furthermore, an 
addition of 5 .0-7.50/0 of SPH might be considered as a suitable level to inhibit freeze-
induced denaturation of Mf. Therefore, SPH could be utilized as a functional material 
for product development as it supplements nutritional quality as well as stabilizes 


































fish jelly products in the fish processing industries in Nagasaki prefecture, Japan. But, 
the gel-forming ability of frozen lizardfish surimi decreases rapidly due to low freeze-
resistant capacity of its myofibrillar protein (Nozaki et al., 1986, Kurokawa, 1979). 
Thus, it is a problem needs to be overcome for the better utilization of the lizardfish 
meat for the preparation of fish jelly products. Currently, our co-workers evaluated the 
protective effect of the enzymatic protein hydrolysate from the pearl oyster meat and the 
Antarctic krill by determining state of water and retardation of freeze-induced 
denaturation of lizardfish myofibrillar protein (Dumanto et al., 1 997; Zhang et al., 
2002). However, functional protein from squid by protease treatment has not yet been 
reported for the purpose of surimi-based product development. 
Therefore, in this chapter, the protective function of squid protein hydrolysate has 
been investigated on the retardation of the freeze-induced denaturation and gel-fonning 
ability of lizardfish surimi at -25 'C. 
5.2. Materials and Methods 
5.2.1. Materials 
Lizardfish (Saurida wanieso) was purchased at Nagasaki Fish Market, Japan, and 
transported to our laboratory in a frozen condition. Sodium glutamate (Na-glu) was 
purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). 
5.2.2. Methods 
5.2.2.1. Preparation of suritni 
The preparatory protocol of surimi is depicted in Fig. 3 1 . Fresh muscle of lizardfish 
(Saurida wanieso, body weight, 238~71.9 g) was de-headed and eviscerated, and 
washed with cold distilled water. The fish meat was de-boned and then minced by a 
meat-separating machine. The minced meat was washed with 5 volumes of cold 
distilled water by stirring, Iefi to stand until it settled, afier which the supematant 
containing impurities was removed. This process was repeated 3 times. The excess 
water in the fish meat was gradually removed by applying hydraulic pressure. The 
moisture content of 5 g minced meat was measured by heating at 1 25-130 ~C for 30 
min by Kett FD-1B (Model F- I B Kett Electric Laboratory, Japan). Each SPH of 4 















































SPH or Na-glutamate/wet weight of minced meat), and mechanically dispersed for I O 
min at 5 ~C with adjusting the moisture content to 830/0. Simultaneously, the pH of the 
mixture was adjusted to 7.0 using 0.01 M NaOH or 0.01 M HCl. About 1 80 g of 
prepared surimi was packed in a polythene bag (block size, 1 5 x 1 2 X I cm). Minced 
meat without SPH was used as a control and treated with the similar procedure. All the 
samples were stored at -25 ~C, and taken out at different intervals for the study. 
5.2.2.2. Determination of freezing curve 
Surimi block with the SPH of Swordtip squid, Japanese flying squid and sodim 
glutamate were subsequently put in the cold room of -25 ~C and a sensor (Takara 
Thermistor, Yokohama, Japan) was used in order to detect changes in invitro 
temperature of the materials. The system was run out until the temperature attained at 
around -25 ~C. 
5.2.2.3. Preparation of surimi gel 
The preparatory method of surimi gel is depicted in Fig. 3 1 . Frozen surimi was taken 
out from freezer and thawed, and then ground with 30/0 NaCl for 20 min at 5 ~C. The 
surimi pastes were put into stainless steel cylinder cases (iuner diameter, 3 . I cm, and 
height, 3 .O cm), both sides of which were wrapped with polyvinylidene chloride film 
and tightened by rubber bands. The stainless steel cylinders contained sample were 
incubated in a water bath at 40 ~C for I h and final heating was performed at 90 ~C for 
30 min according to the method of Niwa et al., 1 991. The prepared gels were cooled 
immediately in ice-water for 3 O min, and kept stand at room temperature during 
assessment gel-forming properties. 
5.2.2.4. Measurernent of gel strength 
The heat-induced gels were taken out from sample holders, cut into ring-shaped slices 
of 0.5 cm in height, and I .7 cm iuner diameter. The sample ring was pulled at a velocity 
of 6 cm/min by a Rheotech (Fudoh kheo meter, Bunkyouku, Tokyo, Japan) until it 
breaks. Elongation and tensile strength required to break the samples were estimated 
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Time (minutes) 
Control ; A 
Swordtip squid; e 
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Sodium glutamate ; 
Japanese flying squid. 
Fig. 32. Changes in the pattern of freezing curve of lizardfish surimi in presence 
of 50/0 concentration (dried weighthvet weight) of sodium glutamate and squid 





































































5.3.3. Water holding capacity 
Figure 34 shows the effect of SPH or Na-glutamate on the water holding capacity of 
the surimi gel during frozen storage. The water holding capacity of the control surimi 
gel was decreased rapidly (69.0C~83.83010), while a slow decreasing tendency and 
higher remaining water holding capacity were observed in the surimi gel with SPH of 
Japanese flying squid (78.17-80.34010), swordtip squid (75.35-80.59010), and golden 
cuttlefish (78.23-80.090/0) during frozen storage. Lower level of water holding capacity 
was observed in the surimi gel with SPH of bigfin reef squid (7 1 .74-76.35010). These 
findings suggest that SPH of Japanese flying squid, swordtip squid, and golden 
cuttlefish exiribited cryoprotective effect against the denaturation of surimi during 
frozen storage. The surimi gel with Na-glutamate (79.15-86.010/0) showed the higher 
water holding capacity than that with SPH. 
5.3.4. Effects of color/appearance 
The CIE L', a , and b' values showed a reduced lightness, and whiteness of the 
surimi gel with SPH regardless of their species differences compared to that of the 
eontrol. The greenness of the surimi gel with the SPH of swordtip squid (-1 .8 to -2.8), 
Japanese flying squid (-1.8 to -2.8), bigfin reef squid (-1.3 to -3.0), and golden 
cuttlefish (-1.5 to -2.1) were lower than that of the control (-2.8 to -3.7). The 
yellowness of the surimi gel with the SPH of swordtip squid (6.6 to 9.1), Japanese 
flying squid (6.1 to 9.1), bigfin reef squid (6.0 to 8.2), and golden cuttlefish (5.1 to 7.7) 
were affected by the addition of the SPH (control, I .9 to 3 .O). The frozen storage period 
did not affect on the color/appearance of the surimi gel. The surirni gel with Na-
glutamate showed higher lightness, and whiteness (Fig. 35) compared to that of the 
control. Neither greenness nor yellowness of the surimi gel was affected by the Na-
glutamate. 
5.3.5. Mf Ca-ATPase activity 
The protective effect of SPH against freeze-induced denaturation of surimi was 
assessed determining total Mf Ca-ATPase activity during frozen storage. Changes in the 




















O 30 60 90 120 150 180 
Storage period (day) 
O Control O Japanese flying squid 
A Na-glutamate I Bigfin reef squid 
IF Swordtip squid A Golden cuttlefish 
Fig. 34. Changes in the water holding capacity ('/o) of lizardfish surimi gel 
with squid protein hydrolysate and sodium glutamate during frozen storage. 















O 30 60 90 120 150 180 
Storage period (day) 
O Control O Japanese flying squid 
A Na-glutamate I Bigfin reef squid 
(P Swordtip squid A Golden cuttlefish 
Fig. 35. Changes in the whiteness indices of lizardfish surimi gel with squid 
protein hydrolysate and sodium glutamate during frozen storage. Meat 









































































































O 30 60 90 120 150 180 
Storage period (day) 
Control c Japanese flying squid 
Na-glutamate D Bigfin reef squid 
Swordtip squid A Golden cuttlefish 
Fig. 37. Changes in the amount of unfrozen water in the lizardfish surimi gel 
with squid protein hydrolysate and sodium glutamate during frozen storage. 





































































































strength at neutral pH (6.91-7.08), which corresponds well with the findings of Shimizu 
et al. (1954) where they stated that the interfacial denaturation of actomyosin is very 
sensitive to pH value, and pH 6.5-7.0 (Okada, 1 981) is considered to be a suitable range 
to accelerate cross-linking reaction of myosin heavy chain resulting a contribution to 
make elastic gel (Funatsu and Arai, 1 991). The covalent cross-linking reaction of 
myosin heavy chain closely participates in the heat-induced gelation of threadfin bream 
(Saeki et al., 1 992). Similar gel fonning ability were also observed by Kimura et al., 
1991; Kim et al., 1993; Namakura et al., 1985; Ishizaki et al., 1994. The superior gel 
properties of the surimi with SPH seemed to be attributed to the cross-linking between 
peptide chains within SPH, and between peptides of SPH and polypeptide chains of 
protein contained the surimi, which probably extent a concerted interactions with the 
cross-linking mechanism of myosin heavy chain of surimi. Feeney and Whitaker (1988) 
reported that protein cross-linking refers to the formation of covalent bonds between 
polypeptide chains within a protein or between proteins. Regenstein (1984) also 
reported that the interactions of protein-water, protein-protein, and protein-lipid-water 
are very important functional properties of protein-additives for the formation of a 
stable gel network structure. 
The whiteness indices has used in surimi industy to determine functionality of color. 
Our results showed that the yellowness of the surimi gel was affected by the addition of 
the SPH, and therefore the whiteness of the surimi gel was reduced slightly. Park (1994) 
reported that protein additives affect the yellowness of surimi color, and reduce 
lightness. 
Among the numerous reasons responsible for freeze-induced denaturation of fish 
protein, hydrophobic interactions proceeded by the formation of ice-crystals and the 
destruction of hydrate layers surrounding polar residues considered to be a prime cause 
(Hanafusa, 1 973; Nemethy and Scheraga~ 1 962). The stabilization mechanism of protein 
structure and many of their reactions are maintained to a large extent by covalent 
disulfide bonds, and by the non-covalent interactions of the side-chain groups such as 
hydrogen bonds, electrostatic interactions, hydrophobic bonds between non-polar 
residues, and hydration of polar residues (Nemethy and Scheraga, 1 962; Kauzman, 
1 959). The cryoprotective effect of some of the amino acids is significantly influenced 
by acetylation and peptide formation, and the resultant structure, position, and number 












































































































































hydration sphere of protein, and therefore suppressed freeze-induced denaturation of 
surinri and maintained its gel functional properties. The effect by SPH was less than that 
by sodium glutamate. 
96 




































































































denaturation (Zhang et al., 2002; Darmanto et al., 1 995). From the molecular interaction 
standpoint, such functional materials are used for protection of protein molecular 
structures or damage of biological cells due to heating or freezing. The basic approach 
behind clarification of the mechanism of function could be found in the elucidation of 
the effects of such compounds on the hydration of proteins. As reported elsewhere, 
enthalpy contribution in DSC analysis to the free energy function of denaturation 
elucidates an advance understanding of the stabilization mechanism of protein (Gekho, 
1982; Gekko and Satake, 1981; Park, 1994). DSC analysis has become popular to 
biologists and physical chemist in recent years due to its specific application to 
determine the intermolecular state of water in heterogeneous component systems. Berlin 
et al. (1970) reported the changes in state of water in proteinaceous systems by DSC 
analysis, demonstrating water bound in a structure could not be ffeezed on cooling to 
low temperatures (-70 ~C) and such bound water was found to correspond to 50-600/0 of 
the dry weight of proteins. The sorption of water by dry proteins is generally assumed to 
involve the binding of water molecules to specific hydrophilic sites at lower relative 
humidity followed by condensation or multimolecular adsorption as the humidity 
increases (Berlin et al., 1 970). Thus, stabilization of proteins by peptides dominated 
with hydrophilic side chain revealing the changes in solvent properties or alteration of 
the water molecular structure. 
In a subsequent study, attempts were made to elucidate cryoprotective effect of SPH 
leading to the stabilization of protein of lizardfish surimi by means of determining 
gelation properties, state of water, and Ca-ATPase activity as a denaturing index. Such 
evaluations comprise to a structure-function attribute that seems to be a typical protein 
stabilization property of peptide based natural proteolyiic substances. The findings of 
Nishiya's group (Nishiya et al., 1 961 ; Tamoto et al., 1 96 1 ) covered the major discovery 
dealt with the prevention of freeze-induced denaturation of surimi by cryoprotectants, 
and thenceforward the cryostabilization technique had been used in surimi 
manufacturing from the vievypoint of stabilization of protein molecular structure during 
frozen storage. Several studies had been conducted to clarify the protective function of 
cryoprotective substances, and postulated a correlation between molecular structure of 
the tested compounds and degree of potentiality. Such correlations have been provided 
distinguished and comprehensive characteristics of the test compounds (Tsuchiya et al. , 




































However, chapter 5 deals with the stabilization of frozen lizardfish surimi by 
conjugation with squid protein hydrolysate during frozen storage. The basic 
stabilization mechanism has been adequately discussed in that chapter. The findings 
suggested that the stabilization action of the SPH is a function of bound water 
construction through the active side chain of the peptides in the hydration sphere of the 
protein in the surimi . We speculated that these kinds of reaction might be occurred by 
the trianguliar action among protein-water-peptides interactions. 
Thus, in light of the previous discussion, it is concluded that the potential 
cryoprotectant properties inherent to the peptides in the SPH are responsible for the 
structural alteration of the protein molecules through enhancing the interaction in the 
hydration sphere of protein, and that structural alteration of protein molecules have a 









































































































































































































































































































































































































































































































































1 . Japanese flying squid and Japanese common squid are the names of same squid 
species. 
2. The biological name of swordtip squid (Loligo edulis) is found to be different 
(Doryteuthis kensaki) in the book of Marine Products in Japan. Edited by Eiichi 
Tanikawa. 
3 . ATP : Adenosine triphosphate . 
4. Mf Ca-ATPase: Calcium adenosine triphosphatase of myofibrillar protein. 
5 . Tris: Tris (hydroxymethyl) aminomethane. 
6. Triton: Polyoxyethylene (10) Octylphenyl Ether. 
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